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BASIC- ABSTRACT: 

NOVELTY - The substrate (7) is arranged in a film forming chamber of decompressed state 
and raw material gas of nitrogen or nitrogen compound gas is supplied to form a thin 
tiim. Gas of an organic metal compound is then contacted with the nitride substrate 
forming a compound thin film (11) . 

USE - For optical communication devices e.g. blue light emitting diode. 

^Sd^^^ " Semiconductor thin film of high quality is offered at low cost, by simple 

DESCRIPTION OF DRAWING (S) - The figure represents semiconductor thin film formation 
method. (7) Substrate; (11) Compound thin film. 
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ABSTRACT : 

PROBLEM TO BE SOLVED: To efficiently form a GaN compound semiconductor thin film, which 
is superior in film quality by a method, wherein nitrogen gas is brought into contact 
with a substrate in a plasma state and the plasma state nitrogen gas, which is 
successively fed, and the purposed gas produced from a organometallic compound 
containing each of the constituent elements of a compound semiconductor are brought 
into contact with the substrate, 

SOLUTION: The interior of a film-forming chamber 1 is evacuated to the state of a 
sufficiently high degree of vacuum and thereafter, the temperature of a substrate 7 is 
made to rise to 850°C, for example, by a resistance heating heater 5. Subsequently, 
only nitrogen gas, which is used as a raw gas of a second system, is fed into the 
chamber 1. Moreover, the nitrogen gas is fed in such a way as to come into contact with 
the surface of the substrate 7 in a plasma state. By this treatment, the surface of the 
substrate 7 is nitrided. Then, after the temperature of the substrate 7 has been raised 
to 900°C, for example, trimethyl gallium gas produced using hydrogen gas as carrier gas 
is brought into contact with the substrate 7 as the raw gas 8 of a first system, and 
the nitrogen gas is brought into contact with the substrate 7 in a plasma state as a 
raw gas 9 of the second system. Thereby, a GaN thin film is deposited on the substrate 
7. 
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(57) Abstract: 

PROBLEM TO BE SOLVED: To efficiently fomi a GaN 
compound semiconductor thin film, which is superior in 
film quality by a method, wherein nitrogen gas Is 
brought into contact with a substrate in a plasma state 
and the plasma state nitrogen gas, which is successively 
fed, and the purposed gas produced from a 
organometallic compound containing each of the 
constituent elemente of a compound semiconductor are 
brought Into contact with the substrate. 

SOLUTION: The interior of a film-fomning chamber 1 is 
evacuated to the state of a sufficiently high degree of 
vacuum and thereafter, the temperature of a substrate 7 
is made to rise to SSC'C. for example, by a resistance 
heating heater 5. Subsequently, only nitrogen gas, which 
Is used as a raw gas of a second system, is fed into the 
chamber 1. Moreover, the nitrogen gas is fed in such a 
way as to come into contact with the surface of the 
substrate 7 in a plasma state. By this treatment, the 
surface of the substrate 7 is nitrided. Then, after the 
temperature of the substrate 7 has been raised to 900*'C, 
for example, trimethyl gallium gas produced using 
hydrogen gas as carrier gas is brought into contact with 
the substrate 7 as the raw gas 8 of a first system, and 


.the nitrogen gas is brought into contact with the 
substrate 7 in a plasma state as a raw gas 9 of the 
second system. Thereby, a GaN thin film is deposited on 
the substrate 7. 
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Partial Translation of Japanese Patent Application Laid Open 
No. 11-87253 ( JP-A-11-87253) 

[0005] Further, when a multi-element thin film such as 

an In^jGa^.^N thin film is formed, elements having a high vapor 
pressure such as In are prone to be vaporized during the film 
formation. Thus, it is preferable that a temperature of the 
substrate during the film formation is low. In view of the 
above circumstances, Japanese Patent Application Laid-open 
NO.S63-188933 discloses "a remote plasma CVD method" in which 
high frequency electricity is applied to at least a portion 
of raw gas, and the raw gas in a plasma state is supplied to 
a film- forming chamber. 

[0006] Fig. 3 schematically shows a structure of a 

film-forming apparatus used for carrying out the remote plasma 
CVD method. 

[0007] As shown in Fig. 3, this film-forming apparatus 

mainly comprises an outer case 2 for defining a film-forming 
chamber 1, a nozzle 3 for supplying raw gas into the outer 
case 2, and a microwave waveguide 4 (e.g. , tradename: NJA2103A, 
2450MHz made by Shin Nippon Musen Kabushilci Kaisha) disposed 
at upstream of the nozzle 3 for applying high frequency 
electricity to at least a portion of the raw gas. Here, the 
film-forming chamber 1 in the outer case 2 has a substrate 
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holder 6 having a resistance heating heater 5. The raw gas 
is supplied from the upper nozzle 3 toward a substrate 7 placed 
on the substrate holder 6. The film- forming chamber 1 is 
coupled to an exhaust means (not shown) in the vicinity of 
a lower end of the outer case 2. On the other hand, two kinds 
of gases are supplied to the nozzle 3. As a first raw gas 
8, trimethyl gallium ("TMG", hereinafter), triethyl gallium 
("TEG", hereinafter) or trimethyl indium ("TMI", 
hereinafter) is directly supplied. As a second raw gas 9, 
nitrogen gas or ammonia gas is supplied. High frequency 
electricity is applied to the second raw gas 9 by the microwave 
waveguide 4 at a position away from a surface of the substrate 
7 at some distance. 

[0008] Film formation of GaN series compound 

semiconductor thin film using the film-forming apparatus 
having the above-described configuration is performed as 
follows. 

[0009] As the substrate 7, a sapphire substrate 7 having 

a cross section as shown in Fig. 4 (a) is prepared. First, in 
a state in which the substrate 7 is set on the substrate holder 
6, the film- forming chamber 1 is evacuated. Next, a 
temperature of the substrate 7 is increased to about 800'*C 
by the resistance heating heater 5 and then, nitrogen excited 
by microwave is brought into contact with the substrat 7. 
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With this processing, as shown in Fig. 4(b), an AIN thin film 
10 is formed on the surface of the substrate 7, and this is 
a foundation for film formation of a GaN series semiconductor 
thin film. Next, the temperature of the substrate 7 is 
increased, TMG as the first raw gas 8 is supplied and nitrogen 
or ammonia gas as the second raw gas 9 is supplied, and these 
gases are brought into contact with the substrate 7. With 
this processing, the GaN thin film 11 is deposited on the 
substrate 7 as shown in Fig. 4(c). 

[0010] In order to form a flat GaN series compound 

semiconductor thin film having high crystallinity by a 
conventional general MO-CVD method, it is necessary to set 
a temperature of a substrate when the film is formed to lOOO^'C. 
or higher. To the contrary, if the above-described remote 
plasma CVD method is used, it is considered to be possible 
to obtain a thin film having flat specular surface with no 
pits even when the substrate temperatuer during film formation 
is SOO^'C or less. 
[00111 

[Problem to be Solved by the Invention] As explained above , 
for forming a GaN series compound semiconductor thin film, . 
there still are a lot of problems, and the present invention 
is one of what is for solving the technical problems. That 
is, it is an object of the present invention to provide a new 
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film forming method capable of efficiently form a GaN series 
compound semiconductor thin film having excellent film 
quality. 
[0012] 

[Means for Solving the Problem] According to the present 
invention, there is provided a film forming method of a 
compound semiconductor thin film characterized by comprising 
a first step for bringing first raw gas which is nitrogen gas 
or nitrogen compound gas into contact in a plasma state to 
a substrate held at a predetermined temperature in a film 
forming chamber with a reduced pressure; and a second step 
for bringing the first raw gas which is continuedly supplied 
in the plasma state and a second raw gas which is newly supplied 
organometallic compound gas of each of constituent elements 
of a target compound semiconductor or a mixture thereof into 
contact with the substrate a surface of which has been nitrided 
by the first step, thereby allowing the target compound 
semiconductor thin film to be deposited on the substrate 
surface. 
[0013] 

[Embodiments] In the method of the present invention, the 
GaN series compound semiconductor thin film is formed 
basically by a remote plasma CVD method. In the m thod of 
the invention, however, the step is provided for nitriding 

4 

I 


the surface of the sapphire substrate before the GaN series 
compound semiconductor thin film is formed, and therefore, 
a step for allowing a buffer layer to be deposited is omitted, 
and a degree of flatness of the surface of the formed film 
on the substrate is kept extremely high, and these points are 
features of the invention. 

[0014] That is, in the method of the invention, using 

the sapphire substrate having a (0001) plane as a main surface, 
the raw gas changed into a plasma state by applying a high 
frequency electricity is supplied to the film forming chamber 
in which the substrate is placed, and the GaN series compound 
semiconductor thin film is formed by the chemical vapor 
deposition. This is the same as the conventional method. 
Here, as the raw gas for forming the GaN series compound 
semiconductor thin film, the organometallic compounds of each 
of the elements which constitute the compound semiconductor 
are supplied. In the method of the present invention, only 
the nitrogen gas is supplied to the film forming chamber before 
the raw gas is supplied. At that time, high frequency 
electricity is also applied to the nitrogen gas supplied to 
the film forming chamber, and the surface of the substrate 
is nitrided in the film forming chamber. Next, normal raw 
gas is supplied into the film forming chamber, and the GaN 
series compound semiconductor thin film is formed in the same 
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manner as that of the conventional method. The invention is 
different from the conventional method in that a thin film 
as the buffer layer such as AIN is not deposited on the 
substrate surface before the GaN series compound 
semiconductor thin film is formed. 

[0015] The GaN series compound semiconductor thin film 

formed by the above steps has excellent crystallinity and a 
specular surface. At present, the reason why the GaN series 
compound semiconductor thin film grows excellently on the 
sapphire substrate having greatly different lattice 
constants with such a simple operation is unknown, but it is 
estimated that even a nitrogen layer on the remarkably thin 
substrate surface as compared with the buffer layer 
sufficiently contributes to lattice matching, the film 
forming foundation of the GaN series compound semiconductor 
thin film is a highly flattened substrate surface itself, and 
these facts are advantageously effected. 

[0016] The method of the present invention can be carried 

out using the same equipment of that of the conventional method. 
Further, the nitrogen gas supplied when the substrate surface 
is nitrided is also supplied to the film forming chamber as 
a portion of the raw gas also when the GaN series compound 
semiconductor thin film is formed. Thus, as compared with 
the conventional remote plasma CVD method, in the case of the 
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method of the invention, a step for forming a film of the buffer 
layer by the AIN thin film is completely omitted, and when 
the film formation is started, only by delaying the start of 
supply of the raw gas including Ga than the start of supply 
of nitrogen gas, a series of operation from nitriding the 
surface to the film formation can be carried out. 
[0017] The method of the present invention will be 

explained more concretely with reference to the drawings below. 
The following disclosure is only an embodiment of the 
invention, and the disclosure does not limit the technical 
range of the invention at all. 
[0018] 

[Embodiment] Using a film forming apparatus shown in 

Fig. 3, a GaN series compound semiconductor thin film was 
actually formed in accordance with the method of the present 
invention. 

[0019] As the outer case 2, an RPl furnace of SG5F was 

used. First, the substrate 7 was set on the substrate holder 
6. As the substrate 7, a sapphire substrate of 
10mmx25mmx0 . 4mm which had a cross section as shown in Fig. 1(a) 
and which was cut put such that a ( 0001 ) plane becomes a surface 
of a film formation was used. Next, the film forming chamber 
1 was evacuated into the state of a sufficiently high degree 
of vacuum, e.g., 1.3 Torr, and th reafter, the temperature 
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of a substrate 7 is made to rise to 850* C. Subsequently, only 
nitrogen gas as the second raw gas 9 was supplied at a flow 
rate of 500 seem for 60 minutes. High frequency electricity 
of 200 W was applied to the nitrogen gas at a position away 
from the surface of the substrate 7 through 250 mm so that 
the nitrogen in plasma state was brought into contact with 
the substrate surface. With this processing, the surface 7a 
of the substrate 7 was nitrided as shown in Fig. 1(b). This 
nitrided surface of the substrate becomes the film formation 
foundation of the GaN series compound semiconductor thin film 
which is carried out subsequently. 

[0020] Next, after the temperature of the substrate 7 

was raised to 900" C, TMG using hydrogen gas as carrier gas 
was supplied as the first raw gas 8 and the nitrogen gas which 
was the same as that of the previous step was supplied as the 
second raw gas 9. The flow rate of the TMG was set to 1.3 
seem {0*C) . The flow rate of the nitrogen gas was set to 500 
seem like the nitriding processing of the substrate. Like 
the nitriding processing of the substrate, high frequency 
electricity of 200 W was applied to the nitrogen gas, and the 
gas was brought into the substrate 7 in the plasma state. This 
processing was continued for 60 minutes and as a result, as 
shown in Fig. 1(c) a GaN thin film 11 of thickness of about 
2 |jun was deposited on the substrate 7 at a film forming speed 
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o£ 2 |jun/hr. 


[Fig. 3] 
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